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Sunmmary

Research progress has been made in several areas during the
last 6 nonths, and the April aircraft mssion in Al aska has been
successfully conpleted. Five presentations were nade and 2 papers
have been accepted for publication; 1 abstract was publi shed.
Plans for the MODI'S snow i ce workshop to be held in Septenber are
bei ng finalized.

| . Research Progress

Opt i cal / Passi ve M crowave data conpari son of snow cover data
(V. Salononson, D. Hall, J. Chien and G Riggs). W obtained
several data sets of the U S. and Canada during the winter, and
regi stered SMMR or SSM data to the AVHRR data. This was done in
order to map the data to a conmon grid so that conparisons between
data sets will be neaningful. W have collaborated with the NSIDC
at the University of Colorado in order to locate and grid the
AVHRR and SSM data. A sanple tinme series of data sets was
prepared. The sanple shows that gridding the AVHRR Pat hfi nder and
SSM data to NSIDCis EASE-Gid can be done successfully. The
drawback to doing that in an automated way is that the AVHRR
sensor does not have the proper channels for snow cl oud separation
and thus is not suitable for nmappi ng snow wi thout human
i ntervention.

Gidded AVHRR data from 15 May 1994 were obtai ned of Al aska
fromthe Alaska SAR Facility in Fairbanks. These data were
nosai cked and registered with gridded SSM data. An excellent
conpari son was nmade whi ch showed a distinct snowine on the North
Sl ope of Al aska on both the AVHRR and SSM data. Unfortunately,
snow i n the Al aska Range was not mapped by the SSM snow nmappi ng
al gorithm because of nelting in the A aska Range in md-My. The
wet snow had a m crowave brightness tenperature that was simlar
to the surrounding terrain and was thus not mapped as snow.

A paper was prepared on this general topic and presented at
t he Conbi ned Optical -M crowave Earth and At nosphere Sensing
Conf erence (Co-Meas) which was held in April 1995. See section IV
and Appendix I.

Snow and sea ice al gorithm devel oprent (G Riggs).
Devel opnent of the MODI'S snow and sea ice algorithns (daily and
weekly) has been progressing. Betathern BOREAS test site in
Canada in February of 1994. The only 2 good MAS scenes were
registered to the TM scene, which was acquired 2 days after the
MAS data were acquired. Results showed that nore snow was mapped
in coniferous forests than in deci duous forests. The forest cover
was determ ned froma TMderived map by Forrest Hall/code 923.
The dense deci duous stands precl uded nmappi ng snow under neat h,
whil e the coniferous stands had sone snow in the canopy which was



mapped. A paper on this topic was prepared and presented at the
Eastern Snow Conference held in June in Toronto, Canada. See
section 1V and Appendix I1.

Passi ve- M crowave Al gorithm Devel oprment (J. Foster). Jim
Foster, in connection with his Ph.D. research, has refined
passi ve-m crowave al gorithnms to determ ne gl obal snow depth. The
matter of the shape of snow grai ns and how shape affects
m crowave eni ssion and scattering has only been dealt with in a
cursory manner. CQurrent algorithnms assune that all the grains are
spherical and do not account for irregularly-shaped snow grains.
Even when depth hoar crystals have been nodel ed, spherical grains
are used with a di ameter approaching the |ongest |ength scale of
the depth hoar crystal. The nyriad of possible shapes and sizes
encountered in a snowpack nakes nodeling the radiative transfer an
especi al ly arduous task. The m crowave al gorithmthat we have
devel oped and refined, mmcs the snowpack as a single |ayer
havi ng spherical snow grains of 0.3 mmradiuus for all |and areas,
except the continental interiors (boreal forest areas) where
| arger grain sizes are prescribed. Additionally, in boreal forest
areas the effect of the vegetation on the mcrowave signal is
consi dered by using a forest cover paraneter derived from an
al bedo i ndex. Fosteris Ph.D. was successfully conpleted in June
1995.

Spectral -m xture nodeling (A Nolin). Dr. Anne Nolin, under
contract to NASA for this project, has run a spectral m xture
nodel on the 14 March 1991 TMinmage of d acier National Park
This is a scene that we have previously classified usi ng SNOVAP.
Her results show t hat SNOVAP mapped about 4.2 percent nore snow
t han was nmapped by the spectral m xture nodel technique. It is
believed that the SNOVAP results are nore accurate because
si mul t aneous ground truth showed that there was a conpl ete snow
cover on 14 March. (See section IV and Appendix I11.)

Use of Spectral M xture Analysis for Mappi ng Snow Covered Area and
Sea | ce

| . Introduction:

Thi s research assesses the efficacy of using
spectral mxture analysis (SMA) as a tool for global mapping of
snow covered area at sub-pi xel spatial resolution

The spatial distribution of snowover is a paraneter required

for climate nodels, where surface al bedo is used as a | ower
boundary condition, and for snowrel t/runoff nodels, in which snow
covered area is needed for spatially-distributed nelt

cal cul ati ons. One of the fundanental difficulties in producing
estimates of snow covered area using renote sensing techni ques has
been di sti ngui shing snow from ot her surface covers in a scene.

A second major difficulty lies with the m xed pi xel effect that
arises fromthe spectral input of different materials (snow, rock



vegetation, etc.) in the sensor field-of-view Bi nary
classifications fromrenote sensing data categorize pixels as

ei ther conpl etely snow covered or conpl etely non-snow cover ed.
This sinplistic approach can introduce large errors in the
estimati on of snow covered area, particularly in regi ons where and
at times when snow cover is patchy and di scontinuous.

One distinct advantage of the SMA technique is that it allows one
to estimate the fractional snowcover in a pixel. I n addition,
the fit of the nodel to the data can be tested and, unlike nost

bi nary classification nmethods, an error estinmate is provided.

SVA uses a linear mxing nodel in which the sensor response for an
i mage pixel is expressed as a |inear conbination of the fractiona

guantity of each conmponent present in the pixel. Thus, each
pi xel spectrum hol ds information about both the spectral signature
and the fractional abundance of a conponent. Fi gure XX depicts

t he hypot heti cal spectrum of a pixel containing 60% snow and 40%
vegetation. In a nultispectral image each pixel can be nodel ed as
a | inear conbination of conponents identified for that image.

Such i mage conponents are terned "endnmenbers" and they are thought
to be representative of a finite set of spectrally-unique
ingredients in the inmage. For an atnospherically-corrected,

nmul tispectral reflectance inage, a linear mxture of the
endmenbers i s cal cul ated using

the rel ati onshi p:

Rc =su{i=1 ->N Fi R(i,c) + Ec

where, R c is apparent surface refl ectance

Fi is the fraction of endmenber, i

N is the nunber of spectral endmenbers
and, Ecis the error for channel ¢ of the fit of the nodel to
t he dat a.

To solve for the F_i's the nodel perforns a

| east-squares fit to the spectrum of each pixel

The fit of the linear m xture nodel to the spectral data in each
pi xel is measured by the error term E c.

Equation 2 cal cul ates the average

root nean-squared (RMS) error by squaring and summ ng

E ¢ over M nunber of sensor channels to show the nodel fit.

RV = [ M(-1) sum{c=1 -> M Ec"2 ] "(1/2)

Spectral endnmenbers are chosen from each i mage and, though the
sane category of endnenber may be the sane for many images (eg.
rock, snow, vegetation), their spectral characterization is
expected to differ fromone i nage to anot her because of changes in
solar illumnation, differences in rock, vegetation or snowtype
and so on. After atnospheric correction of the image data, using
the 5S nodel, a principal conponents analysis (PCA) is perforned
on the nultispectral data. PC images are exam ned and the

| ocations of pixels having the highest value in each PC inage are
mar ked. These nmarked pixels are then located in the refl ectance



i mages and the refl ectance spectra of these pixels are used as the
endnmenber spectra. The spectral unm xing nodel is iteratively run
(each tine solving for the fraction of each endnenber in each

pi xel ) with successively fewer endnmenbers until both the overal
RVS error is mnimzed and the fraction of each endnenber |ies

bet ween the values of 0 and 1.

1. Approach
A. Renote sensing data used incl ude:

TMinmage of d acier National Park, Mntana (March 14, 1995)
AVIR S i mage of Mammoth Mountain, California (January 11, 1993)
Mappi ng Al pi ne Snow Cover:

B. Al pi ne Snow Cover Mappi ng:

In this research, multi-spectral renotely sensed data

fromboth Landsat Thematic Mapper (TM and Airborne Visibl e/ Near-
Infrared I magi ng Spectronmeter (AVIRIS) of sensors were used as
proxy data for MODIS. TM data represent the data having the

cl osest spectral match to the MOD S data and these data have

al ready been used to test both a SMA-based and NDSI - based snow
mappi ng algorithmso it is appropriate to use these TM data for
conparison of the two techniques. Landsat TM has a 30 m spati a
resolution while MO S has 250 mto 1 km spatial resolution

AVIRI S has a spatial resolution of 20 neter, a spectral range from
400- 2450 nm and a nom nal spectral resolution of 10 nm

It is flown in a NASA ER-2 aircraft at an altitude of 20\km and
has a swath width of 12 km To better characterize the full nunber
of spectral bands that may be used for snow mapping, AVIRI S
channel s were convol ved to MDD S spectral resolution (based on
current band characteristics) and results of each al gorithmwere
conpared on a spectral basis.

Bot h regi ons are rugged, nountainous terrain with snow, rock and
al pi ne and subal pi ne vegetation present. Al pine snow cover in
both the Manmmot h Mountain and d aci er National Park images were
mapped using the SVA nethod. The AVIRI S i nage is of Mamot h
Mount ai n on January 11, 1993, acquired shortly follow ng a
snowfal |l of about 10-20 cm The snowpack at the tinme was
approximately 2-3 m deep over nost of the nmountain. The d acier
National Park TMinmage, acquired on March 14, 1991,

al so shows abundant fresh snow.

Because of di sk space and conputational |imtations, subscenes of

each image were used. The AVIRI S i nage was subset so that Mamoth
Mount ain woul d be centered in the image. This inmage is 504 x 342

pi xel s representing and area 10 km x 6.8 km

In the Manmot h Mountai n i mage, AVIRI S channel s were convol ved
to MODI S spectral resolution to create a 20-band synthetic image.
Usi ng spectral endnenbers chosen fromthe principal conmponents



transformation of the data, the spectral m xture al gorithm was
applied to the MODI S/AVIRI S synt heti c i mage.

C. Sea |ce Mappi ng:

The SMA nodel was also used in to test its ability to perform sea
ice mapping. Using a TMinmage of the Beaufort Sea region of the
Canadi an Arctic, sea ice concentrations were mapped for each inmage
pi xel . This conposited i mage shows the pack ice in spring when
melt is just beginning to occur in the snow overlying sonme of the
sea ice. (pen water is visible in the cracks between | arge pieces
of sea ice. Sone clouds are visible in the bottomof the i mage as
well as the very top portion of the inmage.

V. Results
A. Al pine snow cover Mapping Results

The at nospherically-corrected TM i nage subset (2500 x 2500 pi xel s)
was used for both the spectral m xture analysis and analysis with
the NDSI algorithm In the spectral m xture analysis, three
endnmenbers were chosen: snow, vegetation and shade. These were
obt ai ned after running a principal conponents transfornmation on
the i mage and exam ning the scatterplots of the principal
conponents to identify the purest pixels for each endnenber and
the total nunber of endnenbers. After the image was unm xed into
its endnenber conponents, the scal ed snow fracti on was conputed by
di viding the snow i mage by the sum of the snow and vegetation

i mges (see Figure XX). Best results appear to have been obtai ned
for both the snow and shade fraction inmages with virtually al
concentration values falling within the range fromO0.0 to 1.0.
Slightly negative values nmean that there was sonme endmenber that
shoul d have been included that wasn't. However, when additional
endnenbers were added, the RVS error would increase to an
unaccept abl e | evel because the added endnenber resulted in a
greater lack of fit of the nodel to the data. Slightly super-
positive values (greater than 1.0) nean that these pixels were
nore "pure" than the ones chosen for the endnmenbers. Changing the
endmenbers to these "purer” pixels resulted in a worse fit of the
nodel to the data because those pixels were actually |ess
representative of the endnmenber. The results presented here
represent the best fit of the nodel to the data. Because of the

| ack of pixels containing only vegetation, this endnenber

is not particularly representative of "pure" vegetation.

This resulted in a greater nunber of negative and super-positive
values in this image. However, the overall RVE error with those
chosen endnenbers was | ess than 1% showi ng the good fit of the
nodel to the data.

For conparison with the spectral m xture nodel results,
t he SNOVAP al gorithm was applied the @ acier National Park TM
i mage. The resulting inmage is shown in Figure XX

The NDSI binary classification resulted in a total snow covered



area of 3979 km2, slightly exceeding the SVA-derived

snow covered area estimate of 3820 km2, only a 4.2%di fference
between the two results. Though this difference is not
particularly large, it could, depending on the snow depth and
spatial distribution, result in a substantially different estinmte
for the snownelt/runoff fromthe snowpack. The snow fraction inage
produced using SVA is able to show the varying spatia

di stribution of the snowpack whereas the NDSI binary
classification cannot.

Usi ng spectral endnmenbers chosen fromthe principal conmponents
transformation of the data, the spectral m xture al gorithm was
applied to the 20-band MODIS/AVIRI S synthetic i mage and t he
results are shown in Figures XX-XX. The snow fraction image has
values ranging from0.0 to 1.0. This closely agrees with results
fromthe application of the spectral m xture nodel to the origina
AVIRI S data (which have been validated using aerial photographs
(Nolin, 1994). Summ ng the fractions of snowcover in each pixel
gives the total snow covered area for the scene. Fromthe
MDI S/ AVIRIS synthetic imge, the total snow covered area was
calculated to be 38.1 knm*2 and the total fromthe original AVIR S
i mage was 37.3 knt2. Overall RMS error for the unm xed

MDI S/AVIRIS scene was 1.1% Pixels that are insufficiently
illum nated have higher RVS error values as do the brightest
snowcovered pixels. In general, the spectral m xture

nodel was able to fit the data with very |ow error.

NDSI estimates of total snow covered area for Mammoth Mount ain
were significantly | ower than those obtained fromusing the SVA
nmet hod. The reason for the difference in estimates is the |arge
nunber of shaded pi xels evident in the i mage, many of which are
assi gned val ues of no snow fromthe SNOVAP al gorithm

The NDSI nethod is not able to express the spatial distribution of
snowcover in this rugged al pine area. SVMA results fromthe MDD S
convolved AVIRI' S i nage conpared closely with SVA results fromthe
original AVIR S i mage.

B. Sea |Ice Concentration Mapping Results

In the Beaufort Sea TM i mage,

four endnmenbers were found to best characterize the spectra
variability in this six-band image: sea ice, liquid water, cloud,
and wet snow. Figures XX-XX show the fractional proportions of
each of these endnmenbers with white pixels having concentrations
near unity and dark pixels having the | owest concentrations.

RVS error was very low for this unm xing result (~0.4%.

SVA was able to nmap a wi de range of sea ice concentrations in this
image. Wiile, currently there is no conparison with estinates of
sea ice cover froman NDSI-Iike nethod, we expect to produce this
conparison in the near future.

V. Concl usi ons

Snow cover in both the Mammoth Mountain and d aci er National Park



i mages were mapped using the SVMA nethod. Results fromthe MDD S-
convolved AVIRI S i nage from Mammot h Mountain conpared cl osely with
SVMA results fromthe original AVIR S i nage. A conparison of
SNOVAP- deri ved snow covered area produced val ue 4.2\ % ar ger

than that cal cul ated using the SMA technique. Though this
difference is not particularly large, it could, depending on the
snow depth, result in a substantially different estinmate for the
wat er equi val ent of the snowpack. The snow fraction inmage
produced using SVA is able to show the varying spatia
distribution of the snowpack whereas the binary classification
cannot .

The SMA net hod appears to be effective for mapping the spatia
distribution of sea ice at a sub-pixel |level. Because the range
of possible spectral endnenbers is small in Arctic scenes this
techni que hol ds great prom se for accurately characterizing the
fine-scale spatial distribution of sea ice, open water, clouds,
and snow.

Cryospheric conmponents in both al pine and arctic were nmapped at
sub- pi xel resolution using the SVA techni que. However, because of
the need for interactive endnenber selection for each image, this
technique is remains in a "pre-operational” phase. That is, until
aut omat ed endnenber sel ection can be carried out in an accurate
and conputationally reasonabl e fashion, the SVA nethod will not be
appropriate for gl obal operational snow and ice cover nappi ng.
Future work on this project will focus on devel opi ng an aut omat ed
endmenber sel ection process and work-in-progress indicates that
this is a promsing |ine of research.

1. Aircraft Mssion in Alaska (D. Hall, J. Foster, D. Cavalieri,
C. Benson, M Sturmand G Linebaugh)

The overall objective of this mssion was to acquire
renot el y-sensed neasurenents of snow and sea ice to permt the
devel opnent of inproved al gorithns for mappi ng snow and sea ice
cover, snow thickness, and sea ice concentration, using satellite
data. This mission is in support of the Earth Cbserving System
(ECS) Moderate Resol ution |Inaging Spectroradioneter (MD'S) and
Mul tifrequency | magi ng M crowave Radi oneter (M MR) projects.

Al rborne and ground-based neasurenents were acquired
si mul t aneousl y, when possi bl e, over many of the snow sites.

The aircraft experinment was conducted with the NASA ER-2 from
Anes Research Center during the nmonth of April 1995. 8 flights
were flown - 5 snow flights and 3 sea ice flights. Passive
m crowave (Muiltichannel |magi ng Radiometer (M R)) and optical and
IR sensors (MODI'S Airborne Simulator (MAS)) as well as an aeria
canera were on board. Satellite data fromthe DVSP SSM, the NOAA
AVHRR, ERS-1 and JERS-1 were al so acqui red.

This work was done in collaboration with the University of
Al aska (Dr. Carl Benson) and the U S. Arny Cold Regi ons Research
and Engi neering Laboratory (CRREL) (Dr. Matthew Sturm, and many
ot her scientists and students who participated in the field
neasurenents. Results fromthe field and aircraft neasurenents



will be analyzed jointly anong scientists at Goddard, the
Uni versity of Al aska and CRREL - Fairbanks of fice.

At this time, all the MR data have been acquired and
processi ng has begun. Al flight |lines are processed and are
currently being registered to an EASE-GRID projection to
facilitate conmparisons with SSM satellite data. The calibration
of the MAS data is underway and is expected to be conpleted by the
end of August 1995.

Flight 1 was flown on 3 April from Fairbanks, north to
Prudhoe Bay, and back. oud cover was extensive over the Brooks
Range, but very clear over the rest of the flight |ine, including
over a 150-kmflight path over the Arctic Ccean (Beaufort Sea).

On 4 April, a snow pit was dug on top of Ester Done (elev. 2,364
ft.). Snow depth was 1 m Snow crystals were taken at 10-cm
intervals and preserved via cryogenic techniques for study by USDA
personnel utilizing an electron mcroscope. Flight 2 was fl own on
5 April, over the established Fairbanks grid at |ocal noon. There
was | ess than 10 percent cloud cover. |ce measurenents were nade
on Hardi ng Lake along with sun photoneter measurenents. Flight 3
was flown on 6 April, over the Fairbanks grid again, but 2 hours
earlier than Flight 2. There was |ess than 10 percent cloud cover
again. Flight 4 was flown on 7 April over the Bering Sea with
about 50 percent cloud cover. The Ester Done snow pit was
revisited on 10 April. Depth remained constant at 1 m Flight 5
occurred on 13 April, again over the Fairbanks grid at |ocal noon,
with 10-15 percent cloud cover. Sun photoneter measurenents were
again made during the 3-hour flight. Flight 6 was on 21 April,
agai n over the Fairbanks grid, but at a very |low Sun angle (7:00
A M takeoff), with 50-70 percent cloud cover. Flight 7 was flown
on 23 April over the Barrow area with al nost conpl ete cl oud cover
and flight 8 was flown on 24 April over the Bering Sea, again,

wi th al nost conpl ete cloud cover.

I11. Septenber MODI S Snow | ce Wrkshop (D. Hall, B. Conboy)

Pl ans have been fornulated for a workshop to be held at the
U S. Ceol ogical Survey and at Goddard on Septenber 13-14, 1995.
The objective of the workshop is for a representative group of the
snow and ice comunity to review the snow and ice al gorithnms and
to corment on the utility of the algorithnms and al so to discuss
needs for post-launch MDD S snow and ice al gorithns.

The followi ng individuals have agreed to attend. Those
attendees with an asterisk after their name will be giving a
present ati on.

St even Ackerman/ Uni versity of Wsconsin

Ri chard Armstrong/ University of Col orado

Roger Barry/ University of Col orado

M chael Baungartner*/ University of Bern, Swtzerland
Cheryl Bertoia*/ NOAA/ Navy Joint Ice Center

Tom Carrol | */ NOAA/ NOHRSC

Don Caval i eri / NASA/ GSFC

Joey Com so*/ NASA/ GSFC

Bert Davis/U S. Arny CRREL



Jeff Dozier/University of California at Santa Barbara
Ji m Fost er / NASA/ GSFC

Barry Goodi son/ Depart ment of Environnent, Canada
Robert G een*/ NASA/ JPL

Dor ot hy Hal | */ NASA/ GSFC

Bryan |sacks/ Cornell University

Jeff Key*/University of Col orado

M ke Manor e/ CCRS, Canada

Anne Nol i n*/ University of Col orado

d ai re Par ki nson/ NASA/ GSFC

Bruce Ransay*/ NOAA/ NESDI S

Al Rango/ USDA

Geor ge Ri ggs*/ NASA/ GSFC/ RDC

Dave Robi nson*/ Rutgers University

WAl ter Rosenthal/University of California at Santa Barbara
Dr ew Rot hrock/ Uni versity of Washi ngton

Vi nce Sal ononson/ NASA/ GSFC

G eg Scharfen*/University of Col orado

Larry Smth/Cornell University

Konrad Steffen*/University of Col orado

Anne Wl ker/ Departnment of Environnment, Canada

Ron Wl ch*/ Sout h Dakota School of M nes and Technol ogy

The prelimnary agenda of the workshop foll ows:

FIRST MODI' S SNOW AND | CE WORKSHCP

Prelimnary Agenda

Wednesday, Septenber 13, 1995

7:45 - 8:45 AM Scenic bus ride from Geenbelt, Maryland to
Reston, Virginia, featuring norning rush hour on the Beltway

Conbi ned ACSYS/ MODI' S Sessi on on Snow
US GS. Auditorium Reston, VA

8:45 - 9:00 Refreshnent s

9:00 - 9:15 R G Barry and D. K Hall - Wl cone to conbi ned
ACSYS/ MDD S

wor kshop

9:15 - 9:45 T. Carroll - Renote sensing of snow in the

col d regions



9:45 - 10: 15 D.K Hall - Satellite snow cover napping

10: 15 - 10: 30 B. Ransay - Interactive multisensor snow and
i ce mappi ng system

10: 30 - 10:45 Br eak

10: 45 - 11:00 D. Robinson - An analysis of the NOAA

satellite-derived snow cover record, 1966 - present

11:15 - 11:30 M Baungartner - An integrated anal ysis system
for nonitoring snow cover variations in the A ps using NOAA AVHRR
dat a

11: 30 - 12: 00 C. Bertoia - Use of satellite data for
operational sea ice and | ake ice studies

12: 00 - 12: 30 Di scussi on

12: 30 - 1:30 Lunch

1:30 - 3:00 MODI S Session on show cover mappi ng

Conference roomat U S. Ceol ogical Survey (to be announced)

1:30 - 2:00 G R ggs - MDD S snow and ice algorithm
devel opnent

2:00 - 2:15 A. Nolin - Fractional snow covered area nappi ng
usi ng spectral mxture analysis

2:15 - 2:30 J. Key - The cloud and surface paraneters
retrieval (CASPR) system for polar AVHRR

1:30 - 2:45 R Geen - Snow distribution, grain size and
nmelting properties renotely nmeasured and validated in the sol ar
refl ected spectrum

2:45 - 3:00 Br eak

3:00 - 5:00 Mappi ng Sea lce and clouds with Optica
Sensors

3:00 - 3:15 R Wl ch - Polar cloud and surface

classification using Landsat data

3:15 - 3:30 K. Steffen - Potential MOD S applications for
i ce surface studies based on AVHRR experience



3:30 - 3:45 J. Com so - doud nmasking and surface
tenperature distribution in the polar regions using AVHRR and
other satellite data

3:45 - 4:00 Br eak
4:00 - 4:15 Anot her sea ice presentation
3:45 - 4:50 Di scussi on of snow and sea ice algorithm

devel opnent

5:00 - ? Bus | eaves for Greenbelt featuring afternoon
rush hour on the Beltway.

Thur sday, Septenber 14, 1995

CGoddard Space Flight Center, Geenbelt, Maryland
Bui | di ng 22, Room 365

8:30 - 8:45 D. Hall - Day 2 opening conments
8:45 - 9:00 G Scharfen - MXD'S activities at the NSIDC DAAC
9:00 - 9:15 For m wor ki ng groups in various conference roons
G oups:

l. MODI S snow at -l aunch products - R Davis, Chair

. MODI S ice at |aunch products - C. Bertoia, Chair

[11. Future MODI S ice products (post-launch) - R Wlch,
Chai r

V. Wility of MODI'S snow and ice products - A WAl ker,
Chai r
9:30 - 12: 00 Discuss MDD S snow and ice algorithns and provide
witten comrents
12: 00 - 1:00 Lunch

1:00 - 2:00 Finish witing coments for workshop proceedi ngs

2:00 - 3:30 Oal reports fromworking group chairs, and
di sucssi on

2:00 - 2:20 Goup |
2:20 - 2:40 Goup |1
2:40 - 3:00 Goup |11



3:00 - 3:20 Goup IV

3:20 - 3:30 D. Hall - dosing remarks including a discussion of
a need for a future versions of the algorithnms have been delivered
to SDST. Product description docunents, the ICD and the HDF File
Speci fication Docunment for the algorithmdata products were
gener at ed.

| nprovenents to the al gorithns have been made based on
testing and analysis of the algorithms with TMdata. The sea ice
al gorithm has been run on many TM scenes. The al gorithm has
successfully identified sea ice, open water, and di scri m nated
nost cloud types fromsea ice. G rrus clouds are not consistently
separated fromsea ice. Collaboration with Dr. Ron Wl ch of the
Sout h Dakota School of M nes and Technol ogy has been fruitful. W
have undertaken a conparison of results of Dr. Wl chis techni que
of classification of TMinmagery of polar regions wth our
techni ques for identifying sea ice and snow covered | and areas.



